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(57) ABSTRACT 

A Wiring board comprising: a board core (11) having a core 
main surface (12) and a core reverse surface (13); a capacitor 

(101, 101A, 101B, 101C, 101D, 101E, 101F, 101G, 101H, 
101J, 1101, 1101‘, 1101", 1101‘", 1101“", 1101""') having 
a capacitor main surface (102) and a capacitor reverse 
surface (103) and having a structure in Which ?rst inner 
electrode layers (141) and second inner electrode layers 
(142) are alternately laminated and arranged via a dielectric 
layer (105), the capacitor (101, 101A, 101B, 101C, 101D, 
101E,101F,101G,101H,101J,1101, 1101‘, 1101”, 1101‘", 
1101‘"’, 1101""') being accommodated in the board core 
(11) in a state in Which the core main surface (12) and the 
capacitor main surface (102) are oriented on a same side; 
and a Wiring laminated portion (31) having a structure in 
Which interlayer insulating layers (33, 35) and conductor 
layers (42) are alternately laminated on the core main 
surface (12) and the capacitor main surface (102), Wherein 
an inductor (251, 252, 253) or a resistor (301, 302, 311, 312, 
321, 322) is formed on or in the capacitor (101, 101A, 101B, 
101C, 101D, 101E, 101F, 101G, 101H, 101J, 1101, 1101‘, 
1101”, 1101‘", 1101’"‘, 1101""'). 

174 25 5 

1113108 50 39 41 '2 

34 
36 

38 

49 I03 49 251 40 48 



US 2007/0076392 A1 

’///J////// 

1 

Patent Application Publication Apr. 5, 2007 Sheet 1 0f 17 





Patent Application Publication Apr. 5, 2007 Sheet 3 0f 17 US 2007/0076392 A1 

113 114 
i 

102 
\ I 111 112 

168 134 104 1&3 

41 13 41 141 142 122 141 142 124 M 
‘5' 152 12' 153 



Patent Application Publication Apr. 5, 2007 Sheet 4 0f 17 US 2007/0076392 A1 

FIG. 8 

111 113 113 251 
",5 114102 108 1 11241 41 107 "1 112 

I04 
I06 

103 123 

41 141 I42 122 m 141 142 124 m 





Patent Application Publication Apr. 5, 2007 Sheet 6 0f 17 US 2007/0076392 A1 

‘ | 

I 
y o I" ‘Y. ‘1" ( f 

107 131 132 104133 134108 251 go 272 



Patent Application Publication Apr. 5, 2007 Sheet 7 0f 17 US 2007/0076392 A1 

FIG. 17 
1010 27' 
-_ rr__\ 251 267 
\\ T4 214 273 T3 12 261 T1102 113 142 

‘04 ~~ - -- - - - - - - - 5-; --- B130 

104 

' 13o 

' 133 

10s 



Patent Application Publication Apr. 5, 2007 Sheet 8 0f 17 US 2007/0076392 A1 

FIG. 20 
ml; 254 
\ 253 263 285 267113 114 1021 3 142 

267 '5'- -' 104 
-\ _ 

273 130 
274 _ _ 133 

310 271 141 —- 103 267 85 123 105 124 1 106 

14 102113 142 



m 

m cw me now ow I‘ ll 

m 

2 z. 2 : é H...L,.......L.........T.U : 

I S .n a a h: 2 E E $2.54 a mm 6E 

Patent Application Publication Apr. 5, 2007 Sheet 9 0f 17 



Patent Application Publication Apr. 5, 2007 Sheet 10 0f 17 US 2007/0076392 A1 

FIG.24 

H01 111 112 107111 108 102 10} 131 132% 133113134114‘; 3°‘ 

1 N. '. 

141 105 
10611 142122 121 123141142124 123 103 

FIG. 25 



Patent Application Publication Apr. 5, 2007 Sheet 11 0f 17 US 2007/0076392 A1 

FIG. 27 

\ I l l I 0 I I I I l l I I l I l i In 

FIG. 28 

\ I I l l l I l l I I | l | l l l l I I IJ 
f l l l l | I l I I I l l | | I l I l | |\ 



Patent Application Publication Apr. 5, 2007 Sheet 12 0f 17 US 2007/0076392 A1 

FIG. 29 

103 12 

141 142 122 141 142 124 m 13 1 
121 153 151 41 

FIG. 30 

152 

FIG.31 

10\3 
(f .................. “if ................. “ii 

%\§00000§j00000 
5000005500000 

1osJ§00000§§00000 
i0 00 550 00 

2\ 33* 43/3 O 0Q \ _____________ “I ............. _. 

I’ ' V Y H V ‘I I 
107 122 121 104 124 108 133 311 



Patent Application Publication Apr. 5, 2007 Sheet 13 0f 17 US 2007/0076392 A1 

FIG.32 
103 

f ................. “Q11 ................. \ 

11%\gooooog ‘00000; 
500000; 500000; 

106J~§OOOOO§ §OOOOO§ 
5 50 00 550 00 gém 
"W50 5 Yoocios 

,' V Y t, V ‘V 
101 122 121 104124 103123 

FIG.33 
, 11 12 13 

1—‘-—- 420401 321 ‘02 142m 
\1 (4.04) [4201 12/ "4 
01-I- ‘ 2g‘ ‘F105 

- '/133 
‘ 

\? 
[§\\\l 
141123 

134133 
‘1 }\ 

3w @°@°@ @'@°@ / 
I? 

@oK420 
@-@~<::; 
@'@$\4o4 

/ 



Patent Application Publication Apr. 5, 2007 Sheet 14 0f 17 

FIG. 35 

US 2007/0076392 A1 

141 1418 141 134133 
\ 1 L \ 

\J \ < \ \ 

Ml’ @ C; 0 Q) 0 
\/\ 

. ® ' © ' 405 
106w @ 0 Q) 0 Q) / 

105 ‘f3 ' ® ' J\ 
' © ' © 39. 1 .13, 

v 1 1 \402 
4134 103 420 (400) 

FIG. 36 
405 

/’ I \\ 
13 321 __ 0 401 T2 

?mmkm 
"$1: 

FIG. 37 

w‘ | 1 
G O 

\\ .1 a 5 .2 
402 401 

321 
400 

T3): 



Patent Application Publication Apr. 5, 2007 Sheet 15 0f 17 US 2007/0076392 A1 

FIG. 38 
1_1o_1" 102 142 
\142 4 321 420 142 “3 14 "3 

105 

‘ 133 

141 420 3214201411 231 24 141 23 103 

FIG. 39 
133 I42 134 133 

J/ \ 

.404 
321 

14 24141 23 



Patent Application Publication Apr. 5, 2007 Sheet 16 0f 17 US 2007/0076392 A1 

FIG. 4 1 

1101"" 
\l 420 321 420 311 420 321 420 311 

k ) \é\\\\\%\\\\\\\7‘Q ’ I \l 
\ T105 

FIG. 42 

131 (133) 
132(134) 

FIG. 43 
112(114) 111 (113) 

102 161 

____ __ 106 

"" " 104 

107 (108) 

13° 142 141 
132 (134) 131 (133) 



Patent Application Publication Apr. 5, 2007 Sheet 17 0f 17 US 2007/0076392 A1 

FIG. 44 

11$" 111 (113) 
/ 

104“ / 

130 1311133) 142 ml?w'os 131(133) 



US 2007/0076392 A1 

WIRING BOARD AND CAPACITOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to a Wiring board 
having a structure in Which a capacitor mainly consisting of 
a ceramic and the like is embedded in a board core, a Wiring 
laminated layer is formed by being laminated on its surface, 
and a semiconductor integrated circuit device is mounted 
thereon, as Well as a capacitor used on the Wiring board. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor integrated circuit devices (IC 
chips) used in such as microprocessors and chip sets of 
computers in recent years tend to be characterized by 
increasingly higher speed and higher functions, and the 
number of terminals tends to increase and the pitch betWeen 
the terminals tends to become narroWer correspondingly. 
Generally, a multiplicity of terminals are densely arranged in 
array form on the bottom surface of the IC chip, and such 
terminal groups are connected to terminal groups on the 
motherboard side in ?ip chip form. HoWever, since there is 
a large difference in the terminal pitch betWeen the terminal 
groups on the IC chip side and the terminal groups on the 
motherboard side, it is dif?cult to directly connect the IC 
chip onto the motherboard. For this reason, a technique is 
generally adopted in Which a package having the IC chip 
mounted on a Wiring board for IC chip mounting is fabri 
cated, and the package is mounted on a motherboard. 

[0003] Conventionally, there have been increasing 
demands for more compact-siZed, multifunctional, and loW 
cost products With respect to packages of this type. Accord 
ingly, as the Wiring board for IC chip mounting Which 
constitutes the package, those have hitherto been proposed 
in Which a ceramic capacitor in the form of a chip is 
embedded in a core board formed of such as a polymeric 
material to form a core portion, and buildup layers are 
respectively formed on the obverse surface and the reverse 
surface of the core portion (e.g., refer to JP-A-2005-39243). 
The advantage of this con?guration lies in that since the 
capacitor Which has hitherto been surface-mounted on a 
package is incorporated, the degree of freedom of the 
surface of the core portion can be enhanced, and the Wiring 
board for IC chip mounting can be made compact by 
reducing a vacant space. An additional advantage lies in that 
the Wiring board for IC chip mounting can be made multi 
functional by surface-mounting other electronic parts such 
as inductors and resistors in the vacant space. As a speci?c 
example of a multifunctional package, it is possible to cite, 
for example, one Which has the function of effecting the 
transmission and reception of data betWeen or among a 
plurality of IC chips by Wireless communication. To realiZe 
the package of this type, it is necessary to con?gure circuits 
(e. g., a tuning circuit) necessary for Wireless communication 
on the package by using a plurality of electronic parts. As a 
background art, JP-A-2002-43754 is also knoWn. 

SUMMARY OF THE INVENTION 

[0004] HoWever, in the case Where a package structure is 
adopted in Which inductors, resistors, and the like are 
surface-mounted in a vacant space, a parts mounting space 
for that purpose is neWly required for a surface layer portion 
of the package. Hence, even if the multifunction can be 
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attained, it has been difficult to attain a further compact siZe. 
In addition, in the manufacture of such package, it has not 
been possible to omit the process of mounting the inductors, 
resistors, and the like, Which has been a hindrance to 
attaining the loW cost. 

[0005] The present invention has been devised in vieW of 
the above-described problems, and its object is to provide a 
Wiring board suitable for attaining a compact siZe and a loW 
cost despite the fact that the multifunction is easily attain 
able. Another object of the present invention is to provide a 
capacitor suitable for use on the above-described outstand 
ing Wiring board. 

[0006] To overcome the above-described problems, in 
accordance With a ?rst aspect of the invention there is 
provided a Wiring board comprising: a board core having a 
core main surface and a core reverse surface; a capacitor 
having a capacitor main surface and a capacitor reverse 
surface and having a structure in Which ?rst inner electrode 
layers and second inner electrode layers are alternately 
laminated and arranged via a dielectric layer, the capacitor 
being accommodated in the board core in a state in Which the 
core main surface and the capacitor main surface are ori 
ented on a same side; a Wiring laminated portion having a 
structure in Which interlayer insulating layers and conductor 
layers are alternately laminated on the core main surface and 
the capacitor main surface, Wherein an inductor or a resistor 
is formed on or in the capacitor. 

[0007] Therefore, according to the ?rst aspect of the 
Wiring board, in a case Where, for example, an inductor is 
formed on or in the capacitor itself, it is possible to con?gure 
a portion or all of a circuit of a various kind Within the 
capacitor. In addition, in a case Where, for example, a 
resistor is formed on or in the capacitor itself, it is possible 
to set different potentials Within the identical capacitor. 
Accordingly, as compared With the conventional structure in 
Which the inductor or the resistor is mounted on the surface 
layer portion of the Wiring board, multifunctional and high 
performance features become easily attainable. In addition, 
since there is no need to neWly set a parts mounting space 
for an inductor or a resistor on the surface layer portion of 
the Wiring board, it is possible to obtain a Wiring board 
Which is less susceptible to the restriction in realiZing a 
further compact siZe, and Which is suitable for making the 
overall siZe compact. Further, since the inductor mounting 
step or the resistor mounting step can be omitted, the Wiring 
board becomes suitable for attaining loW cost. 

[0008] Here, the Wiring board in the ?rst aspect of the 
invention is a device for mounting a semiconductor inte 
grated circuit device Which is an object to be mounted. As 
an example of the “semiconductor integrated circuit device,” 
it is possible to cite a semiconductor integrated circuit 
device Which is used as a microprocessor or the like of a 
computer and Which has one or a plurality of processor 
cores. This semiconductor integrated circuit device is, for 
instance, ?ip-chip mounted in a semiconductor integrated 
circuit device mounting region. It should be noted that the 
number of the processor cores may be tWo or three or more. 
As another example of the semiconductor integrated circuit 
device, it is possible to cite one Which is used for application 
in a controller for effecting high-speed data processing. As 
speci?c examples of the function of the controller, it is 
possible to cite, for example, a memory controller, a mul 
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tiprocessing controller, a bus controller, a video controller, 
and the like, and an image processing chip and a chipset 
correspond to them. Here, as an example of the chipset, a 
chipset is knoWn Which performs a central role of a moth 
erboard, is comprised of a north bridge and a south bridge, 
and functions as various controllers. In addition, the “semi 
conductor integrated circuit device mounting region” refers 
to a region Where a group of terminal pads are disposed on 
the surface of the Wiring laminated portion. 

[0009] The board core constituting the above-described 
Wiring board forms a portion of the core portion in the 
Wiring board, and is formed into the shape of a plate having, 
for example, the core main surface and the core reverse 
surface located on its opposite side. Such a board core may 
have an accommodating hole portion for accommodating the 
capacitor. This accommodating hole portion may be non 
through hole Which is open only at the core main surface, or 
a through hole Which is open at both the core main surface 
and the core reverse surface. It should be noted that the 
capacitor may be embedded completely in the accommo 
dating hole portion, or may be embedded in a state in Which 
it projects partially. 

[0010] The material for forming the board core is not 
particularly limited, but a preferred board core is formed of 
a polymeric material as a principal constituent. As speci?c 
examples of the polymeric material for forming the board 
core, it is possible to cite, for example, EP resin (epoxy 
resin), PI resin (polyimide resin), BT resin (bismaleimide 
triaZine resin), PPE resin (polyphenylene ether resin), and 
the like. In addition, it is possible to use a composite material 
made of these resins and glass ?bers (a glass Woven fabrics 
and a glass nonWoven fabric) or organic ?bers such as 
polyamide ?bers. 

[0011] The capacitor for constituting the above-described 
Wiring board has a capacitor main surface and a capacitor 
reverse surface and has a structure in Which ?rst inner 
electrode layers and second inner electrode layers are alter 
nately laminated and arranged via a dielectric layer. The 
material for forming the dielectric layer can be selected from 
among a resin, a ceramic, and the like, but it is particularly 
preferable to use a ceramic sintered body. Namely, as a more 
preferable capacitor, it is possible to cite a ceramic capacitor 
having a capacitor main surface and a capacitor reverse 
surface and having a structure in Which ?rst inner electrode 
layers and second inner electrode layers are alternately 
laminated and arranged via a ceramic dielectric layer. The 
ceramic capacitor referred to herein includes a capacitor in 
Which a thin ?lm is formed on a substrate (a substrate not 
limited to a ceramic) by a ceramic material. 

[0012] The capacitor is accommodated in the board core in 
a state in Which the core main surface and the capacitor main 
surface are oriented on the same side. Namely, the capacitor 
is used in a state of being incorporated in the board core. It 
should be noted that the capacitor is disposed in a region 
corresponding to the semiconductor integrated circuit device 
mounting region in the core board. The capacitor is ?xed by 
a ?ller made of a polymeric material, for example, in a state 
of being accommodated in the board core. 

[0013] In addition, as a preferable example of the capaci 
tor, it is possible to cite a via array type capacitor. Namely, 
the capacitor preferably includes: a plurality of poWer sup 
plying via conductors for alloWing the ?rst inner electrode 
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layers to conduct With each other; a plurality of grounding 
via conductors for alloWing the second inner electrode layers 
to conduct With each other; poWer supplying electrode 
terminals respectively located at end portions of the plurality 
of poWer supplying via conductors; grounding electrode 
terminals respectively located at end portions of the plurality 
of grounding via conductors, Wherein the plurality of poWer 
supplying via conductors and the plurality of grounding via 
conductors are disposed in the form of arrays. More spe 
ci?cally, the plurality of poWer supplying via conductors and 
the plurality of grounding via conductors, When vieWed 
from the thicknessWise direction of the capacitor, are dis 
posed in the form of arrays as a Whole. If this con?guration 
is provided, it becomes easily possible to attain a compact 
siZe of the overall capacitor and, hence, to attain a compact 
siZe of the overall Wiring board. Moreover, a high electro 
static capacity is easily attainable despite the compact siZe, 
and poWer supply becomes possible on a more stable basis. 

[0014] The above-described capacitor has one or a plural 
ity of capacitor function portions. The capacitor function 
portion refers to a region Which is formed by including the 
?rst inner electrode layers and the second inner electrode 
layers. At least poWer supply systems of the plurality of 
capacitor function portions should preferably be indepen 
dent of each other. The number of the capacitor function 
portions may be tWo or three or more, but the capacitor 
function portions should preferably be present in a number 
identical to that of the processor cores. By adopting this 
con?guration, all the capacitor function portions can be 
respectively electrically connected to all the processor cores. 

[0015] It should be noted that the distance betWeen adja 
cent ones of the plurality of capacitor function portions 
(speci?cally, the distance betWeen the poWer supplying 
inner electrode layers respectively constituting the adjacent 
ones of the plurality of capacitor function portions) is not 
particularly limited. HoWever, the aforementioned distance 
should preferably be of such a measure that electrostatic 
interference does not occur betWeen the capacitor function 
portions, and speci?cally 50 pm or more is preferable. In 
particular, it is preferred that a distance more than the via 
pitch of the capacitor (a pitch betWeen a grounding via and 
a poWer supplying via conductor) be secured. 

[0016] In the case Where the dielectric layer constituting 
the capacitor is a ceramic dielectric layer, for example, 
sintered bodies of high-temperature sintered ceramics, such 
as alumina, aluminum nitride, boron nitride, silicon carbide, 
and silicon nitride, are suitably used. In addition, sintered 
bodies of loW-temperature sintered ceramics, such as a glass 
ceramic in Which an inorganic ceramic ?ller of such as 
alumina is added to borosilicate glass or borosilicate lead 
glass, are suitably used. In this case, it is also preferable to 
use a sintered body of a dielectric ceramic such as barium 

titanate, lead titanate, and strontium titanate, depending on 
the application. In the case Where the sintered body of a 
dielectric ceramic is used, a ceramic capacitor having a large 
electrostatic capacity becomes easily realiZable. 

[0017] The material for forming the ?rst inner electrode 
layers and the second inner electrode layers is not particu 
larly limited, but the use of a metal Which can be sintered 
simultaneously With the ceramic, e.g., nickel, molybdenum, 
tungsten, and titanium, is suitable. It should be noted that in 
the case Where a sintered body of a loW-temperature sintered 








































